Survival of Rhizobium meliloti 102F5 in aerosols at 20 C was maximal at high relative humidity (RH) and minimal at low RH. Relatively high concentrations of NO2, SO2, or formaldehyde were needed to significantly reduce viability of R. meliloti in aerosols at 50% RH. Except for the reduction in activity of formaldehyde by SO2, there was no additive or antagonistic effect of mixing pollutants. High environmental RH enhanced bactericidal activity of NO2 and SO2. High RH minimized and low RH accentuated the biological effect of ultraviolet light of 300 to 400 nm wavelength.
Organisms of the Rhizobium species are classical nonpathogenic nitrogen fixers which have been in use extensively for inoculating soil and legumes to increase nitrogen fixation (2) . As far as we are aware, not a single incident of human infection, particularly among workers associated in the manufacturing and application of this inoculum, has been recorded. Accordingly, these organisms may be ideal for investigating microbial aerosol behavior in open atmospheres. This report is concerned with laboratory findings on behavior of airborne R. meliloti 102F5 in relation to relative humidity (RH), ultraviolet, light irradiation, and certain common gaseous atmospheric pollutants.
MATERIALS AND METHODS Organisms. The test organism, R. meliloti 102F5, was kindly provided by J. C. Burton of the Nitragin Co., Milwaukee, Wis. Cultures were maintained on yeast extract-mannitol-agar. Cells used for aerosolization were 24-hr, second-passage cultures grown at 30 C in 100-ml volumes of modified mannitol yeast extract broth (5) of the following composition (in g/ liter): mannitol, 10; K2HPO4, 0.5; MgSO4.7H20, 0.2; NaCl, 0.1; CaCO3, 0.5; and yeast extract (Difco), 0.5. For use as a solid medium, 1.5% agar was added.
A frozen stock of spores of Bacillus subtilis var. niger was reconstituted by mixing 11.5 g with 100 ml of gelatin phosphate (2.0 g of gelatin and 4.0 g of Na2HPO4 per liter; pH 7.0). Suspensions for aerosolization consisted of measured volumes of B. subtilis var. niger spores and R. meliloti in gelatin phosphate that assayed at about 107 organisms per ml for each.
Aerosolization. The 500-liter stainless-steel rotating drum and the procedures used for aerosol generation, regulation of RH in the enclosed atmosphere, and methods for sampling and quantitation of aersols were similar to those described previously (9) .
For assay of R. meliloti in mixed aerosols, which require 72 hr at 30 C for colony development, Brilliant
Green at 150 jug/ml was added to the agar during preparation to suppress growth of B. subtilis var. niger. The latter, a faster grower, was readily distinguishable and countable after 24 hr at 30 C in the same medium without Brilliant Green. RESULTS AND DISCUSSION The effects of RH on survival of aerosolized R. meliloti at 20 C are shown in Fig. 1 . A similar pattern of survival was found in experiments conducted at 2 C. As indicated in Fig. 1 , RH levels of 95, 70, and 50% did not significantly affect viability over a 5-hr period, whereas 30% RH effected an accelerated loss of viability. This is in agreement with Webb (6), who observed maximal survival in aerosols of Serratia marcescens, Escherichia coli and Staphylococcus albus at high RH.
The effect of ultraviolet irradiation of aerosols at selected RH levels is shown in Fig. 2 In experiments performed in high environmental RH (95 %), which normally favors maximal aerosol stability as noted in Fig. 1 Increased water content may favor or accelerate the formation of H2S03 from SO2 and HNO3 and HNO2 from NO2 in situ (4) . These acids are perhaps more toxic than the pollutants themselves. Also, the moisture may increase membrane permeability, resulting in an increased uptake of NO2 and SO2 by the cells.
